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How did the study come about?
Asthma and other wheezing disorders are the most common chronic health problems in childhood and place a large burden on children, their families and society. 1 Prevalence is highest in infancy or early childhood and the aetiology is complex, with a strong influence of intrauterine and early life exposures.
Clinical presentation, response to treatment and prognosis differ by age and the natural history is highly variable. It has been questioned whether asthma, especially in young children, should be regarded as one disease with a single underlying aetiology but a wide range of severity, 2 or as a syndrome comprising several separate conditions. 3, 4 Furthermore respiratory illness in early life is associated with adult respiratory disease and diminished lung function. 5, 6 Despite this, most epidemiological studies of asthma before the 1990s had focused on schoolchildren and adults, and there were sparse populationbased data on infants and preschool children.
The Leicester respiratory cohort studies were set up to fill this gap. The first Leicester cohort was established in 1990 by Hamish Simpson (with David Luyt and Adrian Brooke as principal fellows) as a community-based sample of 1650 children born between 1985 and 1990. This study provided the first data on prevalence [7] [8] [9] and subsequently on natural history of preschool wheeze in Europe. [10] [11] [12] The large age-spread of the Leicester 1990 cohort permitted an overview of the prevalence and characteristics of wheeze in preschool children, but complicated studying the natural history. This cohort was relatively small and did not include ethnic minority groups.
Therefore, Michael Silverman and Claudia Kuehni recruited a second cohort in 1998, consisting of 8700 children born between 1993 and 1997. A stratified sampling design was used to recruit 5400 children aged 1, and 3300 children aged 2 to 4 years. Of these, 6100 were white and 2600 were south Asians.
How is it funded?
The direct costs of the cohort studies (salaries, consumables and equipment) came from short-term project funding from bodies such as Asthma UK, The Wellcome Trust, the Swiss National Science 
What does it cover?
The broad purpose of the Leicester cohorts is to study the childhood epidemiology of wheezing disorders and other common respiratory problems such as chronic cough, chronic rhinitis and habitual snoring.
Four major aims of the study were: 1) to estimate the prevalence of these respiratory disorders in young children and to determine whether secular trends in asthma and wheeze described for adults and schoolchildren were also evident for preschool children; 2) to study the contribution of potential risk factors on incidence and persistence of wheeze and other respiratory disorders taking into account different age-exposure windows; 3) to study wheezing disorders in children of south Asian origin, the predominant British ethnic minority and 4) to study the natural history of wheeze and chronic cough and to determine how many disease phenotypes exist within the "asthma" spectrum in childhood.
The results of these studies have implications for public health, giving detailed population-based information on respiratory disorders in children, on health care utilisation and on treatment, and should lead to preventive interventions. For clinical purposes, research from the Leicester cohorts should provide diagnostic algorithms to predict prognosis and facilitate the management of children suffering from wheeze or chronic cough. The Leicester cohorts consist of stratified random samples of fixed sizes drawn from among all eligible children in 1990 and 1998 respectively. In total 1650 children were sampled in 1990 and 8700 in 1998. (Table 3) .
Both cohorts underwent physiological measurements at early school age, when they were old enough to comply (Table 3) . A nested sample of the 1990 cohort was studied in 1992-94, targeting all children for whom parents had reported wheeze ever (n=222) or chronic cough (n=226) in the first survey, and a nested sample of asymptomatic children (n=347). The lab measurements for the 1998 cohort are ongoing. All children whose parents had completed the first survey in 1998 and at least one follow-up survey (n=5180) are being invited for lab measurements, beginning with the oldest children. Currently about 500 children have finished their tests.
Response rates to questionnaire surveys in 1990 cohort were good, with 1422/1650 (86.2%) responding to the initial survey, 79.1% replying in 1998 and 57.3% in 2003. Figure 2A shows that a significant proportion of those who had not replied in the first survey answered one of the follow-up questionnaires, so that in total, 94.4% had replied at least once. Participation in laboratory measurements in 1992-94 was 65.3%, 57.5% and 61.4% for children with wheeze, chronic cough and no symptoms respectively. 14 With increasing age, notification of address changes in the database became increasingly incomplete. Subjects participating in more than one survey tended to be of higher social class and of white ethnicity, but had a lower frequency and severity of symptoms than children participating only once.
The entire 1990 and 1998 cohorts of 1650 and 8700 children respectively are representative for the population of preschool children in Leicestershire and Rutland, being randomly sampled. Baseline routine data are available for all of them. However, there were some systematic differences between respondents and non-respondents to specific surveys. For instance, respondents to the first questionnaire in 1998 had a higher socioeconomic status than non-respondents (in whites 44.5% of respondents and 24.8% of non-respondents were in the least deprived tertile of the Townsend score; in south Asians these proportions were 17.5% and 12.2% respectively) and a higher maternal age at birth (mean age in whites: 28.9 vs. 25.9 years; south Asians: 28.1 vs. 27.6 years).
What has been measured?
Information was available for both cohorts from routine databases, questionnaires and physiological examinations (Table 4) .
Routine data were available from the Leicestershire Health Authority Child Health Database for all children, whether or not they had responded to the questionnaires. This included demographic and ethnic information from maternity records and birth notification, perinatal data and data on growth,
immunisations and other health-related events during childhood. The complete postcodes (7-digits) for all addresses the child had ever lived allowed area-based deprivation measures (Townsend score) and exposure to air pollutants and road traffic to be calculated. 14 The baseline questionnaire for the 1990 survey was developed de novo, including questions derived from the American Thoracic Society (ATS) childhood questionnaire 15 and other validated questionnaires adapted for preschool children. 16, 17 Exactly the same questions were applied in 1998 to 2600 white and 1800 south Asian children (cohort 1998(a)) to assess secular trends.
The questionnaire for the 4300 additional one-year olds recruited in 1998 (cohort 1998(b)) was slightly modified. Some questions were adapted or added to allow a better phenotype description of children with wheeze and cough. We also included those questions from the International Study of Asthma and Allergies in Childhood (ISAAC) which could be applied to infants and young children. 18 The initial questionnaires for cohorts 1998(a) and (b) were used with little variation in all subsequent surveys. They define wheezing as "breathing that makes a high-pitched whistling or squeaking sound from the chest, not the throat". Additional questions on symptoms and exposures were introduced at follow-up surveys according to the age of the children. Repeatability of both the 1990 and the 1998 questionnaires was good. 7, 19, 20 What has been found? Key findings and publications
Prevalence, impact and secular trends of respiratory symptoms in preschool children
A major aim of the Leicester cohorts was to provide data on prevalence, risk factors and secular trends of wheeze in preschool children. In 1990, 11% of 1-5 year-olds had doctor-diagnosed asthma, 16% had wheezed and 13% reported attacks in the past 12 months. 7, 8 These were the first population-based prevalence data for preschool wheeze in the UK and Europe. When we repeated the survey eight years later (1998) the prevalence of wheeze and asthma had doubled. 21 The fact that all wheezing disorders increased (including viral wheeze, a non-atopic condition occurring only with respiratory infections)
suggested that factors unrelated to atopy were probably implicated in the changing epidemiology of
wheeze. An economic analysis showed that in 1998-99, 1-5 year-olds with wheeze cost the health service a total of £53 million, representing 0.15% of total NHS expenditure. 1 This is a large sum for one single disorder in a 5-year age-band and highlights the need to find effective prevention strategies at the population level.
Risk factors for wheezing disorders
Exposure to locally-generated PM 10 , a traffic-related air pollutant, was associated with increased prevalence of chronic cough and with increased incidence of wheeze and cough in young children.
14 This was independent of many confounders and dose-related.
Linking incidence data on wheeze with independently collected vaccination records from the NHS, a carefully conducted longitudinal analysis contradicted earlier claims that vaccination might increase the risk of childhood asthma, especially of the late onset classical asthma phenotype and suggested that it might even be protective. Reverse causation is unlikely to have explained the protective effect against late-onset asthma. 22, 23 The secular trends shown for preschool wheeze were therefore not explained by changing immunisation rates.
24

Respiratory disorders in south Asian families
Another main aim of the 1998 cohort was to investigate asthma in children of south Asian ethnicity.
Asthma is less common in children living in India compared to the UK. 25 Data from south Asian children living in the UK are scarce and contradictory, suggesting a lower prevalence of wheeze but a higher hospitalisation rate compared to whites. 26 We found in mothers of the 1998 cohort, that south Asian women who migrated to the UK at the age of 5 years or older had a lower risk of asthma than those born in the UK or who migrated before age 5. This strongly supports the hypothesis that early life environmental factors influence the risk of adult asthma. 27 In infants, crude and adjusted prevalence of wheeze was lower in south Asian compared to whites. Conversely, in toddlers south Asians were at greater risk than whites of developing multiple-trigger wheeze (the classical asthma phenotype), after adjustment for socio-economic, environmental and family factors. 28 Consistent with this, food-related wheeze, a clinically significant marker of severe disease and long-term symptom persistence, was more common in south Asians. 29 Together with the relative undertreatment of south Asian children with inhaled corticosteroids 30 these findings might explain the discrepancy in published data. The ethnic studies are currently being taken further by comparing physiological characteristics and genetic associations in south Asian and white wheezers in ongoing lab studies.
Diagnosis and treatment of wheeze in the community
The Leicester studies reported repeatedly on management of wheeze in preschool children in the community, describing predictors of diagnosis and treatment. 8, 9, 30 A large proportion (19%) of preschool children used asthma inhalers, but that treatment was insufficiently adjusted to asthma phenotype and severity, with relative under-treatment of severe wheeze, especially in girls and south Asian children, but apparent over-treatment of mild episodic wheeze and chronic cough. This underlines the need for development and implementation of phenotype-specific treatment guidelines.
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Natural history and clinical phenotypes of wheeze and chronic cough in childhood
The forth main aim of the Leicester cohorts relates to understanding natural history and phenotypes in childhood asthma. Follow-up of the 1990 cohort showed that less than half of the children who wheezed during preschool years continued to do so at early school age, but that those who did displayed many features consistent with classical asthma in schoolchildren. 10 Although some children with chronic cough displayed many features typical of asthma, few proceeded to develop wheeze 2-4 years later.
11,12
Several studies describing the natural history of preschool wheeze and chronic cough with varying methodological approaches are currently underway. We are developing a statistical approach for identifying disease phenotypes using latent variable analysis. These models can accommodate mixed categorical and continuous data, conditional question structures and missing data, and are therefore an attractive tool for identifying disease phenotypes using data from epidemiological or clinical cohorts.
Using this approach in a feasibility study on the 1990 cohort, we found evidence for the existence of three phenotypes of wheeze, and two phenotypes of chronic cough, confirming and partly reconciling existing classifications. 31, 32 The method will be extended and replicated on the 1998 cohort. Serum levels of mannan-binding lectin (MBL) were significantly higher in more severe childhood wheezers, defined by treatment step, suggesting a disease-modifying effect of MBL or a differential effect in distinct asthma phenotypes.
Methodological issues
The short-term repeatability of our preschool questionnaire was excellent 19, 20 and parental recall of preschool symptoms at school-age was good. 34 In contrast, we showed that misunderstanding of the term "wheeze" in parent-completed questionnaire surveys can bias estimates of prevalence of wheeze, leading to an underestimate in children from south Asian and deprived family backgrounds. 35 Questionnaire surveys should therefore incorporate both a definition of wheeze and measures of parents' understanding of the term. Parental recall of traffic-related air pollution, an environmental exposure which had received much publicity in the context of respiratory disorders, differed according to the respiratory health of the children. We calculated that reporting bias could explain some or even all the association between reported exposure to road traffic and disease. 36 Only objective exposure measures should be used in future surveys.
What are the main strengths and weaknesses?
The Leicester respiratory cohorts are the largest community-based cohort studies focusing purely on childhood respiratory disease in the UK. In contrast to other UK cohorts which aim to report on many health outcomes, the Leicester cohorts include a comprehensive range of questions relating to upper and lower respiratory symptoms at each survey, allowing us to distinguish different phenotypes within the syndrome of "wheezing disease" or asthma with greater confidence and resolution. The 1998 cohort provides an excellent data source for studying ethnic differences in wheezing illness, and is in fact the largest population-based database on respiratory disorders in British south Asian children in the UK. We took care to obtain the most reliable reporting of the main symptom by providing an operational definition of "wheezing" and including questions on parental understanding of the term in the questionnaire. We also paid much attention to other methodological aspects, assessing repeatability of the questionnaires and estimating the influence of different biases on our results. We collected prospective information on a large range of potential confounders to study aetiological mechanisms. A wide range of independently collected data from the Leicestershire Health Authority Child Health Database complements data from questionnaires. We used it to characterize non-responders and adjust results. Finally, the study comprises two separate cohorts from the same general population that vary considerably with respect to years of birth and age spread of their respective members. This allows us to study cohort effects and gives us the opportunity to perform both cross-sectional and longitudinal analyses in different age groups. Within respective age and ethnicity strata the cohorts are representative because they were sampled randomly from the entire local population. Routine data is available for the entire cohort and can thus be used for weighting adjustments to account for systematic differences between respondents and non-respondents to postal questionnaires.
Weaknesses include the considerable attrition rate in later surveys especially of the 1998 cohort because of difficulties in obtaining valid addresses. Respiratory outcomes were mainly assessed by questionnaire. Although a majority of the families received the first questionnaire when the child was aged one year, a proportion of children in both cohorts were aged 2-4 at the time of the first questionnaire. These children are being excluded in analyses relating to natural history of respiratory outcomes. Due to financial constraints, we have performed objective measurements only on one occasion at early school age. Some exposures (such as pets, diet or parental smoking) were not assessed objectively, but only by questionnaire. Prospectively collected objective data were, however, available on growth, immunisations and exposure to air pollution. For genetic studies our data should be pooled with those from other cohort studies 37, 38 to increase statistical power. 
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Treatment and healthcare use
• Asthma-related hospitalisation • Asthma-related hospitalisation; asthmarelated GP visits
• Asthma-related treatment • Detailed questions on asthma treatment
• Use of complementary or alternative treatment
Environment
• Attendance at day care, nursery or play school
• Contact with animals • Contact with animals
• Exposure to tobacco smoke at home; maternal smoking during pregnancy
• Family history of wheeze, asthma, bronchitis, hayfever, eczema
• Duration of breastfeeding
• Fuel used for heating and for cooking • Fuel used for heating and for cooking
• Number of rooms; number of children and adults in household; sharing bedroom
• Number of rooms; number of children and adults in household • Growth (weight, height)
• Growth (weight, height)
• Blood pressure
• Clinical status
• Noisy breathing, cough, nasal discharge, skin rash and eczema
• Skin prick tests (cat dander, dog dander, Dermatophagoides pteronyssinus, mixed grass pollens, histamine and negative controls)
• Spirometry • Pre-and post-bronchodilator spirometry 
